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Spectrally Enhanced Lighting
Spectrally Enhanced Lighting

Spectrally Enhanced LightingSpectrally Enhanced Lighting

This is not a technology; just aThis is not a technology; just a

different way to quantify light based ondifferent way to quantify light based on

well established scientific findingswell established scientific findings

Can be used in conjunction with ANYCan be used in conjunction with ANY

type of lighting design to gaintype of lighting design to gain

additional energy savingsadditional energy savings

Simple to implement, just need a fewSimple to implement, just need a few

jobs to experience the resultsjobs to experience the results
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Spectrally Enhanced Lighting
Spectrally Enhanced Lighting

Why Spectrally Enhanced Lighting?Why Spectrally Enhanced Lighting?

Most cost effective way to get quick energyMost cost effective way to get quick energy

savingssavings

Non-proprietaryNon-proprietary

Requires no fancy controls or gadgetsRequires no fancy controls or gadgets

Energy savings are significant and provideEnergy savings are significant and provide

large portion of federal target energy savingslarge portion of federal target energy savings

WINWIN –– WIN: Low risk, high rewardWIN: Low risk, high reward
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Warm Colored lighting does

not provide as much energy

to peripheral  photoreceptors

Smaller pupils,

By changing the spectrum ofBy changing the spectrum of

light to include more bluelight to include more blue……

Better visual acuity,

E

And increased brightness

perception

Spectrally Enhanced LightingSpectrally Enhanced Lighting
 AfterImage

+ s p a c e

Peripheral photoreceptors are 

more highly activated, leading 

to… 
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Reduce Light Level         Save Energy

Shift Spectrum Toward BlueShift Spectrum Toward Blue

Enhances Visual ResponseEnhances Visual Response

Smaller PupilsSmaller Pupils

Increased Brightness PerceptionIncreased Brightness PerceptionIncreased Visual AcuityIncreased Visual Acuity

Equal Visual AcuityEqual Visual Acuity

Spectrally 
Enhanced Lighting: 

Conceptual Model
Light Source 

Equal Brightness PerceptionEqual Brightness Perception



29 November 2007 AfterImage + s p a c e 6

History of Spectrally Enhanced LightingHistory of Spectrally Enhanced Lighting

1987-1997: Human Physiological Science1987-1997: Human Physiological Science

and Discovery, LBNLand Discovery, LBNL

2002- Present: Applied Principles and Field2002- Present: Applied Principles and Field

Studies, AfterImage + Space:Studies, AfterImage + Space:

Field Tests of Lab StudiesField Tests of Lab Studies

Determine whether formulas workDetermine whether formulas work

Assess occupant reaction to high colorAssess occupant reaction to high color

temperature lightingtemperature lighting
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History of Spectrally Enhanced Lighting
History of Spectrally Enhanced Lighting

Recent Field StudiesRecent Field Studies

2002-2004: UCOP2002-2004: UCOP
Tested for occupant acceptance under the conditionsTested for occupant acceptance under the conditions

of reduced illuminance per the laboratory methodof reduced illuminance per the laboratory method

Found Occupant AcceptanceFound Occupant Acceptance

2004-2006: Economics Validation2004-2006: Economics Validation
Assess Economics with fixed output ballasts
Assess Economics with fixed output ballasts

Validated cost effectiveness, energy savings, occupantValidated cost effectiveness, energy savings, occupant

satisfaction, task lighting usage, and the Visualsatisfaction, task lighting usage, and the Visual

Effectiveness CalculationsEffectiveness Calculations



Building BBuilding B
(730, T8)(730, T8)

Building ABuilding A
(735, T12)(735, T12)

Building CBuilding C
(741, T8)(741, T8)

Similarities of Pre-Retrofit Conditions:Similarities of Pre-Retrofit Conditions:

��   Parabolic Luminaires  Parabolic Luminaires

��   Mixed Private & Open Offices  Mixed Private & Open Offices

��   Mixed   Mixed Daylit Daylit & & non-Daylit non-Daylit AreasAreas

��   Over 100 Full-time Workers  Over 100 Full-time Workers

3 Buildings

Selected…

Differences of Pre-Retrofit Conditions:Differences of Pre-Retrofit Conditions:

��   Lamp Color  Lamp Color

��   Lamp & Ballast Technology  Lamp & Ballast Technology

��   Energy Savings Potential  Energy Savings Potential

2005-2006 Study2005-2006 Study
 AfterImage 

+ s p a c e 
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2005-2006 Study2005-2006 Study

FindingsFindings

Nearly 50%Nearly 50% energy savings on T12 conversionenergy savings on T12 conversion

20% energy savings on T8 conversions20% energy savings on T8 conversions

NO increase in task lighting usageNO increase in task lighting usage

NO difference inNO difference in occupant satisfactionoccupant satisfaction

The math behind SpectrallyThe math behind Spectrally Enhanced LightingEnhanced Lighting
works, and building occupants areworks, and building occupants are equallyequally

satisfied with the new color of light.satisfied with the new color of light.
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Spectrally Enhanced Lighting - Progress
Spectrally Enhanced Lighting - Progress

Spectrally Enhanced Lighting has a long
Spectrally Enhanced Lighting has a long

track record and is ready to be Deployed
track record and is ready to be Deployed

S.E.L. is: 

Cost Effective 

Readily Available 

Easy to Install 

Market 

Transformation 

NOW 

Demonstration 

(UCOP/SELPIES) 

2002-2006 

Research & 

Development 

1990-2000 

In 4 Short Years, S.E.L. has been taken from the lab to reality:In 4 Short Years, S.E.L. has been taken from the lab to reality:

•• Mathematical Models Tested and ValidatedMathematical Models Tested and Validated 

•• Occupant Satisfaction & Economics DemonstratedOccupant Satisfaction & Economics Demonstrated

•• California Incentive Program LaunchedCalifornia Incentive Program Launched

•• FEMP Buildings Initiative StartedFEMP Buildings Initiative Started
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Spectrally Enhanced Lighting
Spectrally Enhanced Lighting

The (not so secret) Weapon:The (not so secret) Weapon:

850 lamps:850 lamps:
5000K Correlated Color Temperature (CCT)5000K Correlated Color Temperature (CCT)

82-85 CRI82-85 CRI

Use in combination with any ballast to makeUse in combination with any ballast to make

these two conditions equal:these two conditions equal:

PPexistingexisting xx (S/P(S/P 
existingexisting))

.78.78 = P= P850850 xx (S/(S P/P 850850 )).78.78

Where P = light levels inWhere P = light levels in footcandles
footcandles

(S/P) = the S/P ratio of the lamps
(S/P) = the S/P ratio of the lamps
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S.E.L. Energy SavingsS.E.L. Energy Savings

11%42981.622950F32T8 841 3rd

15%40791.622800F32T8 841 2nd

20%38571.412950F32T8 835 3rd

22%37491.562650F32T8 741

24%36611.412800F32T8 835 2nd

25%35981.292950F32T8 830 3rd

29%34151.292800F32T8 830 2nd

32%32521.32650F32T8 735

37%30351.192650F32T8 730

48151.952860850 3rd

Energy

Savings

Equiv.

Visual

Efficacy

S/P

Value

Mean

Lumens

(Catalog)Lamp

Energy savingsEnergy savings

are significantare significant

compared tocompared to

commonly usedcommonly used

T8 Lamps, evenT8 Lamps, even

assuming sameassuming same

ballastballast

efficiencyefficiency……

S.E.L.: Increased Efficiency and Energy SavingsS.E.L.: Increased Efficiency and Energy Savings
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S.E.L. Energy SavingsS.E.L. Energy Savings

Optimum energyOptimum energy

savings comesavings come

through S.E.L. andthrough S.E.L. and

new extra efficientnew extra efficient

electronic ballasts.electronic ballasts.

40% Energy40% Energy

savings fromsavings from

traditional 735traditional 735

lamps!lamps!

S.E.L. Retrofits + New Ballasts = Success!S.E.L. Retrofits + New Ballasts = Success!

59%6078%Mag RSF34T12CW

18%11992%SE ISF32T8 841 3rd

23%11392%SE ISF32T8 841 2nd

27%10692%SE ISF32T8 835 3rd

30%10190%SE ISF32T8 741

31%10192%SE ISF32T8 835 2nd

32%9992%SE ISF32T8 830 3rd

35%9492%SE ISF32T8 830 2nd

40%8890%SE ISF32T8 735

44%8290%SE ISF32T8 730

69%4578%Mag RSF34T12WW

14592%EE IS850 3rd

Energy

Savings

EOL

Efficacy

EOL

Lumen

Maint

Ballast

TechLamp
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S.E.L and Tax Incentive
S.E.L and Tax Incentive

Food Sales 

Public Order 

Retail 

Health Care 

Public Assembly 

Service 

Education 

Warehouse/Storage 

Office 

Space Type 

1.11.11.9 

0.80.81.3 

1.21.21.9 

0.80.81.7 

0.80.81.4 

0.90.91.7 

0.90.91.8 

0.60.61.4 

0.80.81.8 

S.E.L.Existing 

US Lighting Market 

Characterization 2001 

Existing LPD's 

& S.E.L. 

1.11.11.8 

0.80.81.3 

1.11.11.9 

1.01.01.6 

0.80.81.4 

0.90.91.5 

0.90.91.5 

0.70.71.2 

0.80.81.3 

Max. tax 

incentive 

- 40% 

Code 

ASHRAE 90.1 - 2001 

Max Tax Incentive 
S.E.L and ExtraS.E.L and Extra

Efficient ElectronicEfficient Electronic

Ballasts willBallasts will

achieve 100% ofachieve 100% of

the tax incentivethe tax incentive

targeted values intargeted values in

most installations!most installations!
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S.E.L. PotentialS.E.L. Potential DemandDemand SavingsSavings

Potential Savings:Potential Savings:

178 

89 

53 

36 

27 

18 

14 

11 

9 

7 

Power Plants 

Saved 

(300MW each) 

S.E.L Savings (GW) 

HUGE
HUGE

M
a

rk
e

t 
P

e
n

e
tr

a
ti

o
n

 

4% 1.8 

Commercial 

0.3 

Industrial 

2.1 

Commercial + 

Industrial 

5% 2.3 0.4 2.7 

6% 2.8 0.4 3.2 

8% 3.7 0.6 4.3 

10% 4.6 0.7 5.3 

15% 6.9 1.1 8.0 

20% 9.2 1.5 10.7 

30% 13.8 2.2 16.0 

50% 23.0 3.7 26.6 

100% 45.9 7.4 53.3 
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S.E.L Energy Savings Benefits
S.E.L Energy Savings Benefits

S.E.L.S.E.L. RetfofitsRetfofits add Benefit to Buildings:add Benefit to Buildings:
Energy savings from fluorescentsEnergy savings from fluorescents

Retrofits open door for other efficiency measures:Retrofits open door for other efficiency measures:
Incandescent lighting toIncandescent lighting to CFLCFL’’ss

HIDHID’’ss tot  Fluorescentso Fluorescents

Exit signs to LEDExit signs to LED’’ss

Occupancy sensors/timers to turn lights OFF
Occupancy sensors/timers to turn lights OFF

Simple, cost effective installations; no complicatedSimple, cost effective installations; no complicated
controls or experimental products required!controls or experimental products required!

Maintain occupant satisfaction and visual abilityMaintain occupant satisfaction and visual ability

All measures add significant life to system andAll measures add significant life to system and
lower maintenance costs.lower maintenance costs.
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S.E.L Other Benefits
S.E.L Other Benefits

Current Status and Ongoing Research:Current Status and Ongoing Research:
IESNA has now convened a committee toIESNA has now convened a committee to discusssdiscusss
how theyhow they will incorporate this work in the IESNAwill incorporate this work in the IESNA
Handbook - Brian Liebel is ChairHandbook - Brian Liebel is Chair of this committee.of this committee.

The photoreceptors that have this spectralThe photoreceptors that have this spectral
response controlling pupil size are also responsibleresponse controlling pupil size are also responsible
for the production offor the production of melanpsinmelanpsin tht at affectshat affects
circadian rhythm: new research indicates that thiscircadian rhythm: new research indicates that this
may help night shift workers stay alert.may help night shift workers stay alert.

Our research continues and indicates that the use
Our research continues and indicates that the use
of SEL can reduce visual effort for reading tasks.
of SEL can reduce visual effort for reading tasks.
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The S.E.L. 850 LampThe S.E.L. 850 Lamp –– whowho ’’s using it?
s using it?

Companies/Institutions using 850 lamps:Companies/Institutions using 850 lamps:

Pacific Gas & Electric CompanyPacific Gas & Electric Company

San Diego Unified School DistrictSan Diego Unified School District

Cities of San Diego and OaklandCities of San Diego and Oakland

Counties of Napa and San MateoCounties of Napa and San Mateo

PortPort HuenemeHueneme

All these have adopted S.E.L. 5000K lightingAll these have adopted S.E.L. 5000K lighting

as their standard for retrofits and newas their standard for retrofits and new

constructionconstruction
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Spectrally Enhanced Lighting
Spectrally Enhanced Lighting

How do you do it???How do you do it???

ItIt’’s easy after the first few projects; there are as easy after the first few projects; there are a

few steps to take to ensure proper installations andfew steps to take to ensure proper installations and

occupant acceptance.occupant acceptance.

ItIt’’s important to get the math rights important to get the math right –– if youif you ’’re toore too

timid, people will complain that ittimid, people will complain that it’’s too bright.s too bright.

Calculations should be performed to ensure thatCalculations should be performed to ensure that

the resulting light levels meet IESNAthe resulting light levels meet IESNA

recommendations.recommendations.
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Spectrally Enhanced Lighting
Spectrally Enhanced Lighting

General Guidelines:General Guidelines:

LensedLensed fixtures and industrial fluorescentsfixtures and industrial fluorescents –– de-de-

lamp & go to Premiumlamp & go to Premium ele ectronic ballastslectronic ballasts

HIDHID’’ss –– go to High Performance T8 lamps &go to High Performance T8 lamps &

Premium electronic ballastsPremium electronic ballasts

ParabolicsParabolics –– toughest because ittoughest because it ’’s hard to reduces hard to reduce

the wattage enough in some cases:the wattage enough in some cases:

Go to retrofit kits to de-lamp / improve qualityGo to retrofit kits to de-lamp / improve quality

Investigate converting to indirect pendantsInvestigate converting to indirect pendants
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Parabolic to Indirect/Direct Conversion
Parabolic to Indirect/Direct Conversion

Before During After 

This conversion resulted inThis conversion resulted in LightingLighting

Power Density of .5 Watts per Sq. Ft.!Power Density of .5 Watts per Sq. Ft.!
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Occupancy Sensors
Occupancy Sensors

Occupancy Sensors:Occupancy Sensors:

NEMA report shows Energy Savings of:NEMA report shows Energy Savings of:

Break Rooms - 8%Break Rooms - 8%

Classroom - 31%Classroom - 31%

Conference Room - 28%Conference Room - 28%

Private Office - 20%Private Office - 20%

Restroom - 17%Restroom - 17%

These savings based on 20 minute timeThese savings based on 20 minute time

delay.delay.
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LED Task Lighting
LED Task Lighting

UndercabinetUndercabinet = 9W
= 9W

Portable Task = 9W
Portable Task = 9W

At this point,At this point,
task lightingtask lighting
holds theholds the
most promisemost promise
for LEDfor LED’’s ins in
widespreadwidespread
applicationsapplications

Localized SystemLocalized System w/w/ for energyfor energy
savings.savings.Occupancy SensorOccupancy Sensor
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SummarySummary

Optimum energy savings are achievableOptimum energy savings are achievable

through using a Task/Ambient lightingthrough using a Task/Ambient lighting

approach with Spectrally Enhanced Lightingapproach with Spectrally Enhanced Lighting

and Premium Electronic ballasts.and Premium Electronic ballasts.

Simple Occupancy Sensors provideSimple Occupancy Sensors provide additionaladditional

energy savings, particularly in private officesenergy savings, particularly in private offices

and intermittently used spaces.and intermittently used spaces.

New Task Lighting fixtures using LEDNew Task Lighting fixtures using LED’’s ars a ere

here and promise significant energy savingshere and promise significant energy savings

for task lighting applicationsfor task lighting applications
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LetLet’’ss Build a Program!
Build a Program!

Example:Example:

100,000 square feet of open office space:100,000 square feet of open office space:

Assume 1.1 W/Sq. Ft. = 110,000 W
Assume 1.1 W/Sq. Ft. = 110,000 W

SEL/PremiumSEL/Premium Ballast savings = 40%
Ballast savings = 40%

LED Task LightingLED Task Lighting savings = .11 W/Sq. Ft.savings = .11 W/Sq. Ft.

New Total = .55 W/sq. Ft. = 55,000 WNew Total = .55 W/sq. Ft. = 55,000 W

Savings = 50%:Savings = 50%:

ALL PEAK DEMAND SAVINGS!ALL PEAK DEMAND SAVINGS!
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LetLet’’ss Build a Program!
Build a Program!

Building Blocks:
Building Blocks:

Spectrally Enhanced Lighting +
Spectrally Enhanced Lighting +

Premium Ballasts/Lamps +
Premium Ballasts/Lamps +

Optimized Retrofit Design +
Optimized Retrofit Design +

LED Task Lighting +
LED Task Lighting +

Occupancy Sensors
Occupancy Sensors

.55 W/Sq. Ft.
.55 W/Sq. Ft.
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LetLet’’ss Build a Program!
Build a Program!

The California Model: Leadership in EnergyThe California Model: Leadership in Energy

ConservationConservation

The new target ofThe new target of .55 W/Sq. Ft..55 W/Sq. Ft. isi  obtainables obtainable

through easily implemented measures, usingthrough easily implemented measures, using

Established and proven technologies, andEstablished and proven technologies, and

No high-cost control systems or interfacesNo high-cost control systems or interfaces

We stand ready to work with CaliforniaWe stand ready to work with California Utilities
Utilities

to form a partnership to work toward this goal.
to form a partnership to work toward this goal.



29 November 2007 AfterImage + s p a c e 28

ConclusionsConclusions

Your Questions and Comments areYour Questions and Comments are
welcome!welcome!

Brian Liebel, PEBrian Liebel, PE

brian@aispacebrian@aispace.com.com
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